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PHYSICS AND ENGINEERING AT THE 
McGILL UNIVERSITY, MONTREAL. 

CO long ago as 1S55, Sir William Dawson pointed out the im- 
portance to the McGill University of a department of prac¬ 
tical science. But though some attempt was made to carry out 
the suggestion, little success was obtained until 1S7S, when the 
department was constituted a Faculty of Applied Science, with 
Prof. H. T. Bovey as Dean. The Faculty passed through many 
vicissitudes, but it was placed on a firm basis at the beginning 
of last year, by the opening of well-furnished workshops and 
laboratories equipped with the best and most modern apparatus 
for scientific investigations in all kinds of engineering and 
physics. A description of the opening ceremonies has lately 
been published in a souvenir volume, together with descriptions 
of the main features of the laboratories. We are indebted to 
this volume for the following information, and to Dean Bosey 
for the accompanying illustration'. 

The McDonald Engineeting Building, erected and equipped 


only twenty-three thousand pounds were asked for to erect and 
equip the Engineering Laboratory of the University of Cam¬ 
bridge. The exact amount of Mr. McDonald’s benefactions 
has not been old, but they are certainly nearer seven than six 
figures. Everything, in fact, required in the pursuit of physical 
and engineering study has been lavishly provided. Few occu¬ 
piers of chairs of Physics here are in the fortunate position of 
Prof. Cox, He was instructed to spare no expense in obtain¬ 
ing everything required to carry on work in experimental 
physics. “From first to last,” he says, “whether it was a 
question of part of the buildings or of the equipment, I have 
heard no other language from Mr. McDonald than ‘Let us have 
everything of the best, with a definite aim for everything, but 
always the best.’ ” 

TbeThermodynamicLaboratory(Fig. 1),inwhichheatengines 
are studied, has a very notable equipment. 

The great feature of interest is a four-cylinder steam engine 
arranged double tandem fashion, and intended for use in a large 
number of totally different ways. This machine, designed by 



Fro. j.—Themodj nanric Laboratory. 


through the munificence of Mr. W. C. McDonald, one ot the 
Governors of the University, is a fine structure containing 
laboratories for all branches of engineering work. The Physics 
Building owes its existence to the generosity of the same donor. 
It has been designed for the teaching and study of physics 
(including mechanics) with special regard to (1) its intrinsic 
importance as an integral part of a liberal education in the 
Faculty of Arts; (2) its essential necessity as a study pre¬ 
liminary to the courses of engineering, mining, and practical 
chemistry in the Faculty of Applied Science, and (3) the pro¬ 
secution of scientific research. The completeness and liberality 
with which all the necessary plant has been put into these 
buildings may be judged from the accompanying illustrations 
and brief descriptions. It will astonish the various authorities 
who have similar technical institutes under their control in this 
country, to know that the cost of the equipment alone of the two 
buildings came to very nearly one hundred thousand pounds 
sterling ! Compare this princely generosity with the fact that 
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Messrs. Schonheyder and Druitt Halpin, of London, under the 
general direction of Prof. Cants-Wilson, of McGill College, 
was manufactured by Messrs. Yates and Thom, Blackburn. 

The engine may be described as a double tandem inverted 
direct acting quadruple expansion engine, to work at 200 lbs. 
pressure on the gauge, developing eighty horse-power a' about 
j * 5 ° revolutions. The two engines may be uncoupled from each 
; other, and run at different rates of speed on the plan proposed 
| by Mr. John I. Thornycroft, and already carried out on the 
j triple expansion engines at the Owens College, Manchester; and 
j in this way the advantages of variation of relative cylinder volume 
i are to some extent obtained. 

The measurement of the power delivered to the brakes is 
made by means of hydraulic brakes of the types designed 
; by the late R. E. Froude, and improved by Prof. Osborne 
Reynolds. 

'i he steam pipes about the cylinders are so arranged that the 
engines may run either quadruple, triple, double, 01 single ex- 
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pansion. And as the pipes are led both to condenser and 
atmosphere, all these types may be tried either condensing or 
non-condensing. 

In fact, a complete balance-sheet of the heat supplied,^ used, 
and rejected by the engines can be made, and the materials for 
the study of cylinder condensation by Hirn’s analysis are easily 
obtained. 

Several other engines and boilers are available for experi¬ 
mental purposes. 

The Third-year Laboratory contains apparatus for the demon¬ 
stration of the properties of the permanent gases and of steam ; 
and a complete set of the most modem types of pyrometers and 
thermometers, gauges, mercury columns, planimeters, calori¬ 
meters, render possible investigation of many problems of im¬ 
portance to the engineering world. 

In the third year, students of thermodynamics are taught the 
principles of the science by direct experiment; and original 
research is encouraged during the summer under the direction 
•of the professor. 


for many hours. The instrumental equipment consists of com¬ 
parators, dividing engines; a portable Bessel's reversible 
pendulum, for the determination of gravity; an astronomical 
clock, break-circuit chronometer and chronograph ; level triers, 
end-measuring gauges, and minor instruments. 

The equipment of geodetic and surveying instruments for 
the use of students consists of transits and transit theodolites 
of various forms, levels of the Dumpy Wye and precision types, 
sextants for marine sounding and land work, plane tables of 
English and American forms, surveyors and prismatic com- 
: passes, current meters, an altazimuth for triangulation work, a 
| zenith telescope, astronomical transits. 

j . There are also han t levels, chains, steel bands, tapes, baro- 
: meters, pedometers, and other minor instruments required for 
1 geodetic work. 

| The Mathematical Laboratory (Fig. 3) is liberally supplied 
! with apparatus with which the student learns to make measure- 
] ments of time, mass, distance, acceleration, and other quantities 
dealt with in the lectures, as well as to verify the fundamental 



Fig. a,—Geodetic Laboratory. 


In the fourth year, engine boiler and fuel testing is largely 
worked at; and the higher parts of the subject are explained 
by reference to the results obtained from the indicator card, as 
measured and examined lor moisture and heat exchange. The 
gas and hot-air engines are tested again and again, and the 
effect of the different factors which modify results pointed out 
by careful observation. 

The Geodetic Laboratory (Fig. 2) is primarily designed for 
the investigation of apparatus used in geodetic and surveying 
operations ; it also affords the means of producing standards of 
length and of graduating circles. 

The laboratory is double-walled, and the inner wall, which is 
of brick, contains an air space. In the basement there is an 
air chamber, from which hot or cold air may be supplied to the 
work-room by a system of pipes. The air circulation is main¬ 
tained by a fan which is driven by an electro-motor at any 
required speed. When the desired temperature is reached all 
openings are closed, and a practically uniform temperature held 
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laws of mechanics and to investigate various mathematical and 
dynamical constants. Special attention is directed to the 
general principles underlying the ordinary instruments of pre¬ 
cision which are used in physics, the simpler forms of these 
instruments being put into the hands of the student at an early 
period in his course. The experiments are in almost all cases 
quantitative, and the learner is encouraged to attain the greatest 
possible precision which the nature of the experiment and the 
instruments available admit. 

The Electrical Engineering Laboratories are under the care of 
Prof. C. A. Carus-Wilson. They consist of the magnetic 
laboratory, the electrical laboratory, the dynamo room and the 
photometer room. < . 

The equipment in the magnetic laboratory comprises a bal¬ 
listic galvanometer designed for use in a variable magnetic field 
(this can be connected with any apparatus in this room or in 
the dynamo room); a calibrating coil for the galvanometer, 
two magnetic yokes, a solenoid and spring balance for traction 
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experiment up to one hundred pound?, fitted wiih search coil 
for ballistic tests ; Ewing’s magnetic curve tracer: round and 
rectangular bobbins for experiments in self-induction; a 
secohmmeter, telephones, rheostats, &c., and a set of secondary 
cells. 

The electrical laboratory is situated over the dynamo room. 
Slate slabs are let into the wall on three sides of the room, 
and stout wooden tables placed down the centre. Current is 
supplied to all parts from 'he dynamo room. The apparatus 
here comprises a Thomson galvanometer, three Kelvin electro¬ 
static voltmeters, two Siemens dynamo-meters, four d’Arsonval 
galvanometers, seven Weston ammeters and seven Weston volt¬ 
meters of different ranges, two Weston alternating wattmeters, 
two Kelvin balances, one of which is specially arranged for 
testing transformers ; two Cardew voltmeters, several other 
ammeters and voltmeters of different types, standard ceils, 
resistance boxes, rheostats, &c. All.tests of transformers are 
carried on in this laboratory, the current being brought up from 
the dynamo room below. 


dynamo, a 7 k.w. Fort Wayne dvnamo, a 5 k.w. Brush arc 
light dynamo, a 7 k.w. Victoria Brush motor generator, a 15 
k.w. Thomson-Houston incandescent dynamo, a 5 horse-power 
Crocker-Wheeler motor, and several smaller motors of different 
types ; also a 12 k.w. Mordey alternator specially made for 
this laboratory (the armature coils can be moved through any 
angle, and two or three currents of any phase difference thus 
obtained). There are in the building at present eight motors 
j driving lathes, fans, &c., besides a 10 horse-power electric 
: elevator. The dynamo room also contains several transformers, 

: arc lamps, &c., and a set of five enamel rheostats, each of 
which can be made to carry from I to 50 amperes on 100 volt 
circuit. 

The photometer room is furnished with a Bunsen photometer 
and a Methven standard, and is specially arranged for testing 
; incandescent lamps. 

j These four laboratories are supplemented by an Electrical 
! Workshop containing a fine lathe, by the American M achine 
i Tool Company, driven by an electric motor. 



Fjg. 3.—Mathematical Lahora’&ry. 


The dynamo room is on the ground floor. In one half 
of the room are placed the lighting, in the other the experimental 
dynamos. The Lighting Dynamos consist of a Siemens dynamo 
and an Edison-Hopkinson dynamo, each of 30 kilowatts output 
at 103 volts, and each driven by a 60 horse power Willans engine. 
The building is wired on the three-wire system, but can be run 
by either one of the dynamos when the load is light, or by a set 
of secondary cells of Soo ampere hours’ capacity placed in 
another room. The lighting switch-board was made in the 
electrical workshop, and is fitted with Weston station ammeters 
and voltmeters. The Experimental Dynamos are driven off a 
main shaft either by a 90 horse-power Macintosh and Seymour 
engine, or by a 25 k.w. Edison motor, as is most convenient. 
The main shaft is provided with ten magnetic clutch pulleys of 
20 horse-power each, designed and fitted at the college, and 
with one magnetic clutch-coupling for 90 horse-power ; the 
dynamos comprise two 12 k.w. Edison dynamos, a 7 k.w. Vic¬ 
toria Brush dynamo, a 6 k.w. Thomson-Houston arc light 
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The work in the Electrical Engineering Laboratories is com¬ 
menced in the second term of the third year. By that time the 
students have gained a fair general acquaintance with electricity 
in the physical laboratory. They then begin a series of experi¬ 
ments on electricity and magnetism, using methods and instru¬ 
ments in ordinary practical use, confining their attention, 
however, to principles and not to their practical application. 
This term’s work is preparatory to that of the fourth year, when 
students study the practical application of these principles in 
the dynamo room. Here they make experiments on electrical 
machinery of all kinds, and carry out tests of dynamos, trans¬ 
formers, motors, &c„ under practical working conditions. 
They can also see a typical lighting station at work, and become 
familiar with the best practice and design in all branches of 
electrical engineering. 

The practical instruction in the workshops is solely designed 
to give the student some knowledge of the nature of. the 
materials of construction, to familiarise him with the more im- 
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portant hand and machine tools, and to give him some manual 
skill in the use of the same. For this purpose, the student, 
during a specified number of hours per week, works in the 
shops under the direct superintendence of the Professor of Me¬ 
chanical Engineering, aided by skilled mechanics. The courses 
commence with graded exercises, and gradually lead up to the 
making of joints, members of structures, frames, fee., finally 
concluding in the iron-working department with the manufac¬ 
ture of tools, parts of machines, and, if possible, with the 
building of complete machines. 

The machine shop and engine room (Fig. 4), an extremely 
good equipment, including twelve metal lathes for the special 
use of students, one large centre lathe, planing, shaping, 
universal milling, drilling and tapping machines, and all neces¬ 
sary centering and grinding machines. The shop, which is 
also used for fitting, contains seventeen vices and a very com¬ 
plete assortment of tools. Ail the machinery consists of types 
selected from the best manufacturers in England and America. 

The hydraulic laboratory contains a tank twenty-eight 
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by weight of water in each of these, or in ail the tanks, may be 
observed at a glance by means of an indicator on the wall of 
the laboratory. Experimental work under high pressures up to 
1 Jo lbs. per square inch is rendered possible by a connection 
with the high-level reservoir of the city. By means of a stand¬ 
pipe with special fittings for pipes, nozzles, valves, &c., investi- 
gations can he made under any pressure from zero up to the 
maximum. Any desired head may be kept constant by means 
of a water-pressure regulator, designed for this laboratory. 
Pipes from six inches in diameter downwards, can also be led 
from this stand-pips for a distance of about sixty feet, so that 
experiments on the frictional resistance to the flow of water in 
pipes can be carried out under varying pressures. Another 
special feature of this laboratory is an impact machine, designed 
by Prof. Bovey, for measuring the power and investigating the 
efficiency of water-jets in combination with buckets of different 
forms and sizes. The laboratory is also to have a set of pumps 
specially designed for experimental work and research. These 
pumps are ti be adapted to work under all pressures up to 



Fic. 4.—Machine Shop. 


by five by five feet square, perfectly flush on the inside, 
and specially designed for investigations as to the action of 
water under low pressures. The tank is provided with specially 
designed valves and gauges, which do not interfere in the 
slightest degree with the stream-line flow, and by means of 
which variations in pressure in different horizontal sections and 
under different conditions of flow, can be observed with accuracy. 
The tank has also fixed to it a recording hydraulic gauge, which 
has been designed to make one, two, four, eight, or twenty-four 
revolutions in a specified time. The tank discharges into a 
water-course about forty feet long and five feet wide. This 
course may be divided up into one, two, or more compartments, 
each compartment being carefully calibrated so that the amount 
■of the discharge can be easily estimated. At the end of the 
course, provision is made for inserting weirs of various forms 
and dimensions. Over these weirs the water flows into large 
measuring tanks, which have been carefully calibrated, and each 
of which has a capacity of about 250 cubic feet. The volume 

NO. 1301 , VOL. 50] 


120 lbs. per square inch, and at all speeds up to the highes 
found practicable, with valves of the best kind and proportions. 
The equipment of the laboratory also includes a Venturi water- 
meter, water-meters of other kinds, gauges and gauge-testers, 
and in fact all the apparatus necessary for the scientific investi- 
gation of the properties of water and water-meters, and all 
kinds of hydraulic apparatus. 

The main apparatus in the testing laboratories (Fig. 5) 
consists of a 75-ton Emery testing machine, with a capacity for 
tension specimens up to 66 in. in length, for compression speci¬ 
mens up to S5 in. in length, and for transverse tests up to 60 in. 
between bearings ; a 100-ton Wicksteed testing machine (Fig. 
6), with a capacity for tension specimens up to 72 in., for com¬ 
pression specimens up to 48 in, in length by 10 in. square ; an 
Unwin testing machine for torsional, transverse, and tensile 
testing; an angle cathetometer (this instrument was specially 
designed and elaborated for the testing laboratory by Messrs. 
Nalder Bros., under the direction of Prof. Bovey, to enable 
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accurate measurements to be made in connection with the use 
of horizontal types of torsion testing machines, and also to 
measure any deflections of a pointer moving about a horizontal 
axis, through an angle not exceeding iSo°); a cathetometer, 
specially designed for the testing laboratory. 

An impact machine is being constructed, fitted with revolving 
drum, tuning-fork, &c., for recording deflections under rapidly 
repeated blows. With the aid of this apparatus valuable results 
maybe expected from tests carried out upon materials subjected 
to repeated stresses. 

In the laboratory there are also an Oertling bullion balance 
with a capacity up to 125 lbs. and down to i/too of a grain, 
and standard weights up to 100 lbs.; a Muir lathe, a shaping 
machine, and a grinding machine are provided, so that all the 
apparatus required for preparing the specimens for testing is at 
hand. 

In addition to the above, the laboratories are supplied with 
numerous other small pieces of apparatus, amongst which may 
be mentioned Whitworth’s measuring machine for measuring a 
variation of one-hundred-thousandth of an inch, Sweet’s 
measuring machine, and a very complete and elaborate collec¬ 
tion of micrometers, vernier calipers, caliper squares, depth 
gauges, rules, &c. 

Our space-will not permit us to give an adequate description 
of the laboratories and lecture-rooms which the McGill Univer¬ 
sity owes to the benefactions of Mr. McDonald and Mr.Thomas 
Workman, and the mere enumeration of the experimental appa¬ 
ratus contained in them will raise a spirit of envy in the minds 
of the many workers whose expenditure on scientific instruments 
is curtailed within very narrow limits. Certain it is that these 
magnificent donations have provided Montreal with a school of 
practical science unsurpassed in its facilities for learning. 


SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, September 24.—M. Lcewyin the 
chair.—Geodesy and its relations with geology, by M. H. 
Faye. Gravity has a greater numerical value in islands than 
in the midst of continents, as the constant is determined by 
pendulum observations ; this is probably due to the more rapid 
cooling of the crust of the earth beneath extensive seas, as 
evidenced by the low temperature of water (l” or 2') at depths 
at which the temperature is about I33°in land. The greater 
average density owing to the lower temperature accounts for 
the higher value of the constant at sea, notwithstanding the 
replacement of so much solid matter by the specifically lighter 
water. The author then draws attention to the need of aid 
from geologists in the further elucidation of the reasons for 
variations in the constant of gravity.—Truffles (Domalan) from 
Smyrna, by M. A. Cbatin.—M. A. Pomel accompanies a copy 
of his “ Monographic des Rceufs-Taureaux fossiles des terrains 
quaternaires de l’Algerie ” by a brief note on its contents.— 
Experimental researches on the influence of low temperatures 
on the phenomena of phosphorescence, by M. Raoul Pictet. 
Substances showing strong phosphorescence after exposure to 
sunlight entirely lose this property on strongly cooling (say to 
— 100°), but regain their power on being allowed to approach 
the ordinary temperature in the dark without further exposure 
to light. The time during which this potential luminosity may 
be retained, at temperatures such that most of the energy of 
heat vibrations is abstracted, is now being investigated.— 
Observations of the sun, made at Lyons Observatory with the 
Biiinner equatorial, during the second quarter of 1S94, by M. 
J. Guillaume. The distribution of spots and faculte during 
April, May, and June is given in tabular form.—On the rota¬ 
tion of solar spots, by M. Flammarion. The observed rota¬ 
tions of spots on themselves in several cases are all in the same 
sense from south through west to north, and amount in one case to 
77 0 in three days, in another to 152° in four days, and in a third 
ease the rotation reaches 34° in two days. This law of rotation 
is not, however, applicable to cases where segmentation 
occurs.—On the theory of the Wimshurst machine, by P, V. 
Schaffers. It is shown that a small modification of the 
Wimshurst machine enables its efficiency to be doubled, and 
the reasons leading to this modification are discussed.—On the 
coexistence, in the same host, of a monosporous coccidian and 
a polysporous coccidian, by M, Alphonse Labbe.—On the 
function of the kidney in Helix, by M. L. Cuenot.—On the 
alimentation of two commensal organisms (Ncreilefas and 
Pinnotheres), by M. Henri Coupin. 
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